However, it is usually more convenient to 
use a table or graph to make conversions. 
Several tables or graphs may be needed to 
cover the entire range of coarse fragment 
and soil densities expected. Conversions 
can be made on a more concise graph if 
they are based on density ratios instead of 
directly on coarse fragment and soil bulk 
densities. The density ratio is defined as the 
ratio of soil bulk density to coarse fragment 
density: 


Rd = Ds/De [5] 


By substituting Ds/Rd for Dc in equation 4 
and then eliminating Ds, 


100 We' 


Ve"= Wes (100 -We/Rd [6] 


Equation 6 was used to make a conver- 
sion table and construct the graph in figure 
1. Each curve in figure 1 represents a dif- 
ferent density ratio. 


Application of conversions 


Soil bulk densities generally range from 
1.6 to less than 1 gram per cubic centime- 
ter, depending mainly upon organic mat- 
ter content (1). The densities of the most 
common minerals in unweathered rocks 
are about 2.65 grams per cubic centimeter. 
The density ratio in soils is usually about 
0.5, commonly nearer the 0.4 curve for 
surface soils and nearer the 0.6 curve for 
some subsoils. Table 2 gives density ratios 
for different rock types and associated 
soils. Densities for more specific rock types 
can be found in the Handbook of Physical 
Constants (3). After selecting a density 


Table 2. Ratios of bulk soil density to coarse fragment density. 
Coarse Fragment Density* (g/cm*) 


Soil 
Density 
(g/cm*) 


Proclastic 
Rocks 
(cinders) 


0.6 1 
1 
1 
1 


NOOR WNH—OOON 


Sedimentary Rocks 
18 20 22 24 26 


Igneous Rocks 
Siliceous Mafic Peridotite 
at 2a 3.0 3.2 


“Metamorphic rocks are generally in the same density range as igneous rocks, and weath- 
ered igneous and metamorphic rocks are generally in the same density range as sedimen- 


tary rocks. 


ratio, one can proceed vertically in figure 1 
from the percentage by weight to the 
appropriate curve, then horizontally to the 
percentage by volume. By reversing this 
procedure, one can convert from percent- 
age by volume to percentage by weight. 

Estimation of coarse fragments in a soil 
commonly consists of both visual and 
weighing procedures. A volume percent- 
age of weighed gravel, read from figure 1, 
cannot simply be added to a visual esti- 
mate of larger coarse fragments in the 
same soil horizon or pedon because the 
larger coarse fragments are excluded from 
the sieved sample. 

For example, assume that the following 
estimates were made for coarse fragments 
in a soil horizon: visual estimate of cobbles 
(75-250 mm), 5 percent; visual estimate of 


coarser pebbles (20-75 mm), 20 percent; 
volume of finer pebbles (2-20 mm) in 
sieved sample, 20 percent. Because coarse 
fragments too large to be included in the 
sieved sample comprise 25 percent of the 
horizon, the sieved coarse fragments com- 
prise 20 percent of the remaining 75 per- 
cent, or 15 percent of the horizon. Then, 
the total volume of coarse fragments is 40 
percent (5 + 20 + 15 = 40). 
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